Seminal cryopreservation allows the long-term conservation of gametes of various species, including endangered species, such as Prochilodus brevis. However, the application of this biotechnology can cause damage to sperm cells, reducing seminal quality. Thus, we have sought substances that minimize the damage caused by this process, such as antioxidants. Thus, this study aimed to evaluate the association between two cryoprotectants and two vitamins, in different concentrations, on the quality of cryopreserved semen of P. brevis. For cryopreservation, the experiment was performed in two stages. In the first stage, the semen of 10 animals was submitted to six different freezing means, coming from the combination of 5% glucose, two cryoprotectants (Dimethyl sulfoxide [DMSO] or Methyl glycol) and two vitamins (C or E to 0.0001 mg) for cryopreservation. In the second stage, semen samples of eight animals were diluted in 5% glucose and the best cryoprotectant found in the first stage, associated with three different concentrations of vitamins C or E (0.01, 0.001, and 0.0001 mg). In both steps, the in natura and post-thawed samples were submitted to kinetic analysis, morphology, and sperm membrane integrity. The cryopreserved semen with DMSO presented significantly higher results (p < 0.05) than that frozen with Methyl glycol, regardless of the vitamin used. The morphologically normal spermatozoa rate was higher (p < 0.05) in the vitamin-containing samples, however, vitamin E reduced sperm motility rates, independent of the cryoprotectant used. As for vitamin concentrations, higher motility rates were obtained when cryopreserved semen with 0.01 and 0.0001 mg of any of the vitamins. However, the higher concentration had a deleterious effect on the spermatic morphology of P. brevis. Therefore, the glucose associated with DMSO and the lower concentration of vitamin C provides good quality for the post-thawed semen of P. brevis. Key words: Antioxidants. Cryopreservation of semen. 
Introduction
Semen cryopreservation consists of the conservation of gametes in the long term by means of freezing in liquid nitrogen, with the advantages of synchronizing the availability of the male and female gametes, conserving the genetic variability, reducing the maintenance costs of the breeding stock, and allowing genetic material exchanges between laboratories and fish farms, among others (GODINHO, 2007) . It is a technique developed for both environmental and economic issues, since the use and implantation of genetic banks, including semen freezing, are potential solutions to minimize losses due to anthropic actions on native fish. Thus, cryopreservation can be used as a tool to guarantee genetic diversity, both for repopulation programs and for commercial production (SHIMODA, 2004) , allowing the conservation of species, such as Prochilodus brevis, Steindachner, 1875.
Known regionally as common curimatã, this species is rheophilic, belonging to the order of and functional integrity of spermatozoa (SILVA, GUERRA, 2012) . In this way, it is necessary to test solutions that minimize the damage caused during this process.
In order to enhance the protection of the sperm cell, it is possible to make use of antioxidants, compounds that combat ROS (MANEESH; JAYALEKSHMI, 2006; SIKKA, 1996 SIKKA, , 2004 . Fish semen has natural antioxidants, both inside and outside the cells, but there is great cytoplasmic loss during spermatogenesis, which leaves the spermatozoa basically dependent on the antioxidants of the seminal plasma. In addition, cryopreservation reduces plasma antioxidant concentrations, due to the dilution of the semen (GUERRA et al., 2004; SARLÓS et al., 2002; WATSON, 2000) . Thus, it is necessary to add substances that overcome this lack, since the imbalance between antioxidant and oxidative substances results in toxic effects and impairment of cellular functionality, which leads to apoptosis and the reduction of sperm fertility (PURDY, 2006; STORNELLI et al., 2005) .
Thus, the use of antioxidant substances, such as vitamin C (ascorbic acid) and vitamin E (α-tocopherol), as a supplement to freezing media can neutralize the effects of ROS, thus ensuring the viability of sperm cells after thawing (MICHAEL et al., 2007) .
A number of studies have shown that these vitamins are used for seminal cryopreservation of Characiform fish (PAULA et al., 2012; NAVARRO et al., 2014) , and there are no reports of their use for common curimatan seminal diluents. The objective of this study is to evaluate the association between two cryoprotectants and vitamins C and E, in different concentrations, on the quality of the cryopreserved semen of Prochilodus brevis.
Material and Methods
The study was approved by the Animal Ethics Committee of the State University of Ceará (4306061/2015 The animals were kept in 7100 liter fiberglass tanks with constant aeration and fed daily with commercial feed containing 32% crude protein supplied at a rate of 3% live weight, divided into two meals per day. Twenty males of common curimatã (weight: 155.78 ± 12.64 g, length: 20.76 ± 0.41 cm) were hormonally induced to sperm through a single dose (3 mg kg -1 body weight) of pituitary extract of carp (EPC), applied intracelomatically at the base of the pectoral fin. After 14 hours, each animal was sedated with clove oil-based solution (Eugenol; União Vegetal Suplementos Nutricionais Ltda.), in the proportion of 1:10:10000 (eugenol: alcohol: water, resulting in a final concentration of 1 x 10 -5 ml eugenol), and the semen was collected in graduated polyethylene tubes and kept in a thermal box at 4 °C until the samples were processed.
The in natura semen was evaluated for pH using measuring tapes (MERCK, Germany) for the sperm concentration in a Neubauer chamber, and the volume, by means of the graduation of the collection tubes. Then, individual aliquots were assigned to the following sperm analyses: morphology, membrane integrity, and kinetics.
For the analysis of sperm morphology, the semen was fixed in 4% formolized citrate solution (1:100; semen: fixative) and then stained with Rose Bengal in the ratio of 3:20 (dye: fixed semen). Two slides were prepared per animal, of which 100 cells per slide were evaluated with the aid of an optical microscope (400x). The classification of spermatozoa was performed according to .
The sperm membrane integrity, or sperm vitality, was evaluated by the eosin-nigrosin staining method, and a slide was prepared per animal in the proportion 1:10:10 (semen: eosin: nigrosin). Using a light microscope (400x), 200 spermatozoa per slide were analyzed and considered with the whole membrane, when they were colorless or with a ruptured membrane when stained pink or red.
In order to evaluate the kinetics, a computer assisted sperm analysis (CASA) system was used, using Sperm Class Analyzer (SCA, Microptics, Barcelona, Spain, version 3.2) configured for fish. To do this, 1 μL of the semen in natura was deposited in a Makler chamber and activated with 100 μL of 50 mM NaCl (100 mOsm kg -1 ). The parameters evaluated were: total motility (%), curvilinear velocity (VCL, μm s -1 ), straight-line velocity (VSL, μm s -1 ) and mean velocity of the course (VAP, μm s -1 ), at least 1000 sperm per analysis.
The cryopreservation procedures were performed in two stages. In the first step, uncontaminated samples (n = 10) with motility higher than 90% after activation were selected for the experiment.
Each semen sample was diluted (1:9, semen: cryodilution solution) in 5% glucose, combined with the cryoprotectants 10% DMSO or 10% Methyl glycol (Vetec Química Fina Ltda., Rio de Janeiro, Brazil) and combined or not with two antioxidants (Vitamin C or Vitamin E, Farmafótmula ® Manipulation Pharmacy, Ceará, Brazil) at a concentration of 0.0001 mg.
After dilution, the samples were submitted to the cryopreservation process. For this, each treatment was packed in two 0.25 mL French straws, sealed with polyvinyl alcohol and kept in racks under refrigeration (~ 10 °C) for 10 minutes for the equilibration time. The vanes were then frozen in a dry shipper (-176 °C) for 15 minutes and transferred to a liquid nitrogen canister at -196 °C. After 15 days, the samples were thawed in a water bath at 30 °C for 16 seconds and analyzed for sperm kinetics, morphology, and membrane integrity, following the same methodology for semen in natura.
From the results obtained in the first stage and in order to evaluate the effectiveness of different concentrations of these antioxidants, the second stage was started, in which samples (n = 8) were selected without contamination and with motility higher than 90% for cryopreservation. In natura semen was diluted (1:9, semen: diluent) in medium containing 5% glucose and the best cryoprotectant found in the first stage associated with vitamins C or E in three different concentrations (0.01 mg, 0.001 mg, or 0.0001 mg).
After dilution, the samples were cryopreserved, thawed and analyzed, as described in step 1.
Statistical analysis
Data were initially submitted to the Shapiro-Wilk and Bartlett tests for normal residue distribution and homoscedasticity, respectively. ANOVA was performed using the GLM procedure of the SAS program, 2002, considering a completely randomized design, in a 2 × 3 factorial arrangement, represented by the cryoprotectant effect (DMSO and Methyl glycol) and the effect of vitamins (C and E). The variables that did not present the assumptions for performing the analysis of variance underwent logarithmic transformation. There was no significant interaction for any variable. When a significant effect was observed, comparisons between treatments were made using either the F-test (cryoprotectant effect) or the StudentNewman-Keuls test (effect of vitamins). Results were presented as mean ± standard error. Differences were considered significant when p <0.05.
Results and Discussion
The semen collected from all the animals (0.72 ± 0.06 mL, pH: 8.54 ± 0.05) had 97.19 ± 0.67% of spermatozoa with intact membrane and 66.17 ± 1.76% with normal morphology. The sperm concentration was 32.97 x 10 9 ± 8.44 spermatozoa per mL of semen. The total motility rate was 97.34 ± 1.87%, and mean values of VCL, VSL, and VAP of 113.51 ± 18.3 μm s -1 were found; 44.29 ± 7.39 μm s -1 and 86.07 ± 15.56 μm s -1 , respectively.
It is essential to know the characteristics of the semen in natura of a species, since this factor can influence seminal quality after cryopreservation (SOLIS-MURGAS et al., 2011) . The seminal volume and sperm concentration and morphology data obtained in this study were similar to those found for the same species by Nunes et al. (2016) ; (0.56 ± 0.24 mL, 27.89 ± 6.13 sptz mL -1 and 74.18 ± 10.63%, respectively), but differed from the values reported by Lopes et al. (2014) ; (1.31 ± 0.64 mL, 22.26 ± 9.34 sptz mL -1 and 97.21 ± 1.46%, respectively). According to Solis-Murgas et al. (2011) , these characteristics can be influenced by several factors, such as nutritional status, age, and weight of animals, health status, type, and dosage of the hormone used for induction, climate, time of year, and frequency of collection, among other aspects. In relation to pH and sperm kinetics data (total motility, VCL, VSL and VAP), the values obtained in the present study were similar to those found by Lopes et al. (2014) and Nunes et al. (2016) .
As for the first step, there was no interaction between cryoprotectants (DMSO or Methyl glycol) and vitamins (C or E). In relation to the cryoprotectants, a significant difference was found among them, so that for all analyzed parameters (spermatic kinetics, membrane integrity, and morphologically normal spermatozoa), the cryopreserved samples with DMSO were superior (p <0.05) to those with Methyl glycol, regardless of whether or not the vitamins are used (Table 1) . DMSO, as well as most cryoprotectants, is a substance toxic to cells; however, it is considered the best cryoprotectant for semen of freshwater fish (SALMITO-VANDERLEY et al., 2012) , being in agreement with the results found for several species of freshwater fish, such as Colossoma macropomum , P. lineatus (NASCIMENTO et al., 2012) , and P. magdalenae , including P. brevis as reported by Nunes et al. (2016) . Despite the toxicity, the use of cryoprotectants for the freezing of semen is indispensable, since the reduction of temperature during the process leads to the formation of ice crystals, which can damage the plasma membrane of sperm cells (SALMITO-VANDERLEY et al., 2012) .
The reduction of the parameters analyzed when using Methyl glycol may be related to a greater sensitivity of the spermatozoa of this species to this cryoprotectant, since the action of the cryoprotectants is species-specific and it is necessary to test the different substances available for each species (PEÑARANDA et al., 2009) .
Regarding the use of vitamins, in the present study, the addition of vitamin E to the freezing medium led to a decrease in the motility rate (Table  2) , as observed by Liu et al. (2015) for Pagrus major. However, this vitamin did not influence the sperm motility rates of P. lineatus (NAVARRO et al., 2014) , S. aurata or D. labrax (CABRITA et al., 2011; MARTÍNEZ-PÁRAMO et al., 2012) . These results differ from those found for human semen (ASKARI et al., 1994) and boar (PENA et al., 2003) , suggesting that this vitamin is more effective for mammals than for fish. In addition, the performance of vitamin E is influenced by storage conditions, lipid composition of sperm membranes, and antioxidant concentrations in the semen of different species (BALL; VO, 2002) , emphasizing the differences in both the structural characteristics of the cell and in the internal antioxidant system of each species. Table 2 . Mean ± standard error of the sperm parameters of the cryopreserved Prochilodus brevis semen in the absence or presence of vitamins C or E, independent of the cryoprotectant used (DMSO or MG). No significant difference (p> 0.05) was observed in relation to VCL, VSL, and VAP when these vitamins were used (Table 2) . This is the first study investigating the action of antioxidant substances on these parameters in the cryopreserved semen of Characiform fish. The results found in this study indicate that oxidative stress has no influence on sperm velocity.
Parâmetros
As for membrane integrity, a greater than 58% rate of intact membrane spermatozoa was found in all samples, whereas Nunes et al. (2016) observed 41.61 ± 3.05% intact cells (Tables 1 and 2 ). However, no significant differences (p> 0.05) were found between the cryopreserved samples with and without vitamins. This parameter does not seem to be related to oxidative stress, since the addition of these antioxidant substances (vitamins C and E) to the semen of P. brevis did not improve the integrity of the sperm membrane. A similar result was observed by Martínez-Páramo et al. (2012) when working with the semen of D. labrax.
This study is also a pioneer in reporting data on the morphology of spermatozoa of Characiform fish, using additional antioxidant substances to the freezing media. The normal sperm count was higher (p <0.05) when the semen was cryopreserved with both vitamin C and vitamin E compared to that without vitamins (Table 2) . Among the morphopathologies, the most commonly found was the folded tail, being observed in a larger quantity in the cryopreserved semen without vitamins.
The pathologies found may be related to the ultrastructural changes in the spermatozoa due to changes in the osmolarity of the environment that surrounds them during the cryopreservation process (MARQUES, 2001) . These changes may also be related to lipid peroxidation, which consists of the oxidative degradation of the polyunsaturated fatty acids of the phospholipids of the plasma membrane by ROS, modifying the structure and permeability of cell membranes (MELLO-FILHO et al., 1983) . Vitamin E, because it is liposoluble, protects the cell against lipoperoxidation directly in the plasma membrane, acting as a chelator of the ROS produced during this process; and besides suppressing the production of malondialdehyde, it one of the major indicators of oxidative stress (AITKEN; CLARKSON, 1988; MATSUBARA, 1997) . However, vitamin C acts on the membranes in an aqueous medium, both directly and indirectly, acting efficiently on the major ROS produced during lipid peroxidation (VASCONCELOS et al., 2007) .
There were no interactions between the vitamins (C or E) and the concentrations used (0.01, 0.001, 0.0001 mg) when the P. brevis semen was cryopreserved with glucose 5% and 10% DMSO. No significant differences were found between vitamin C and E for any of the parameters evaluated in this second stage, regardless of vitamin concentration (Table 3) . Similar results were found by Cabrita et al. (2001) and Navarro et al. (2014) when using these same vitamins for the seminal cryopreservation of S. aurata and D. labrax, and P. lineatus, respectively. Regarding the concentrations employed, regardless of the vitamin used (Table 4) , there was no significant difference in relation to sperm velocity and membrane integrity. However, the motility rate was higher (p <0.05) when the concentrations of 0.01 mg and 0.0001 mg of any of the vitamins were used. Although the higher concentration of vitamins negatively affected the sperm morphology, the same did not occur for the motility rate. Some defects in sperm morphology do not totally impede sperm motility, since there are more serious pathologies that can negatively affect motility rates and, consequently, fertilization rates (MILIORINI et al., 2011) . In addition, in the present study, the most commonly found defect was that of a folded tail, a pathology that, according to the same author, is one that affects fertilization rates less.
This was the first study that used antioxidant substances in the seminal diluents for the cryopreservation of P. brevis semen. In view of the satisfactory results found, the study has created prospects for new investigations that evaluate both the association of both antioxidants used in the present research, other concentrations of these vitamins, as well as the use of other substances with the same properties. Navarro et al. (2014) found no difference between vitamins C and E on the motility rate of P. lineatus when they used the concentration of 0.0001 mg. The same was observed by Cabrita et al. (2011) , who used concentrations of 1 and 10 mM of vitamin C and 0.1 and 0.5 mM of vitamin E for S. aurata. On the other hand, Martínez-Páramo et al. (2012) found an improvement in the sperm motility rate of D. labrax when they supplemented freezing media with 0.1 mM of these vitamins. Likewise, Ubilla and Valdebenito (2011) demonstrated that the addition of 0.018 mg mL -1 of vitamin C to the diluent medium improved the sperm motility and fertilization rates of Oncorhynchus mikiss. This emphasizes that the use of antioxidants, besides being specific for each species, is dependent on the dosage used.
A similar situation was observed regarding sperm morphology; the highest rate of morphologically normal spermatozoa was found when the semen was cryopreserved with the two lowest concentrations (0.001 mg and 0.0001 mg; Table 4 ), independent of the vitamin used. This result can be explained by a possible toxic effect of the highest concentration employed.
According to Carvalho et al. (2002) , the use of antioxidant substances may present undesirable effects if the safety dose is exceeded, since they
Conclusions
The use of vitamins C and E has a different effect on the different quality parameters of the cryopreserved semen of P. brevis, depending on the form that these antioxidants are used in the cryopreservation protocols. According to the results obtained in steps 1 and 2, the addition of vitamin C at a concentration of 0.0001 mg to the freezing medium containing 10% DMSO and 5% Glucose is suggested, since this provided a greater uniformity between the evaluated parameters, mainly for morphopathology.
